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In addition to production and reproductive traits, health and feed efficiency have been included in breeding objectives for cattle to enhance the effective utilisation of inputs in the dairy sector, to reach higher safety and quality of products (Gonzalez-Recio et al. 2014; Kargo et al. 2014) and to lower the pollution of the environment (Connor 2015) . Genetic parameters of claw health and feed efficiency traits have been estimated for application and selection in dairy cattle (van der Linde et al. 2010; Williams et al. 2011) . Feed is the main input in dairy farms; thus, the efficiency of the utilisation of feed for milk production should be increased, which would decrease the overall greenhouse gases pressure on the environment, as reported by Hegarty et al. (2007) and Cassandro et al. (2013) .
In the current breeding objective for Czech Holstein cattle, 10 traits characterising complex production and functional traits are included. Routine monitoring of health traits along with claw disease (CLD) have already been ongoing to https://doi.org/10.17221/44/2018-CJAS form the basis for the genetic evaluation of these traits in dairy populations in the future (Kasna et al. 2017) . In total 17 traits are used as selection criteria in Holstein cattle, which are grouped into five sub-indices for milk production, udder health, reproduction, exterior, and longevity, accounting for 49%, 7%, 12%, 25%, and 7%, respectively, of the total selection index (Plemdat 2018) . The current selection for leg traits (included in the sub-index for exterior) seems to reduce CLD incidence indirectly; however, favourable impacts on the selection response in claw health and on the index reliability were found when the health and type traits were jointly included in the sub-index for legs (Krupova et al. 2017) .
The relative economic emphasis on traits in the breeding objective for the specific breed, i.e., relative trait economic weights (EWs), should be regularly reassessed according to the actual and the expected situation in cattle production systems to reach the long-term sustainability of the breeding programme for given breed. Since the last estimation of EW traits was realised ten years ago by Wolfova et al. (2007) , the production and economic conditions for the most important dairy cattle breed in the Czech Republic (Holstein) have changed considerably (e.g., the milk yield per cow increased by 33%, longevity by 8%, and costs for feeding by 40% (own investigation)). Economic weights of traits in the Holstein population have also been updated in Hungary and Italy as reported by Komlosi et al. (2010) and Cassandro et al. (2016) , respectively. Therefore, the objective of this study was to calculate EWs for new health and feed efficiency traits and for current breeding objective traits under the actual and predicted production and economic conditions and to investigate the genetic and economic selection response in the breeding objective using a new, more comprehensive selection index for the Czech Holstein cattle.
MATERIAL AND METHODS
Production system and economic weights. A closed purebred dairy production system of Czech Holstein cattle with integrated fattening of bulls was assumed when applying the bioeconomic model (developed by Wolfova et al. 2005) for the calculation of the trait EWs. Two sets of input parameters, for the actual and for predicted production and economic situations, were used for this calculation. The production and economic parameters of the Holstein breed in 2017 in the Czech Republic were considered for the actual situation (described by Krupova et al. 2017) . The means of the traits predicted for the year 2025 were based on the expected trait annual genetic gains calculated by the Czech Holstein Cattle Breeders Association (pers. comm.). The predicted economic inputs for the model were based on the outlook for the agricultural markets and the incomes for the year 2025 (EU 2015) . The main information related to the production parameters and economic inputs (both for actual and predicted conditions) of the breed are given in Tables 1 and 2 .
The structure of the dairy herds for the steady state in the actual and predicted systems was generated using the Markov chain approach (for details see Wolfova et al. 2005) . The economic efficiency of the production system was expressed as the present value of the total profit (TP) per cow and per year as follows:
where: rev', cost' = row vectors of revenues and costs, respectively, per animal of the individual cattle categories (i.e., cows, calves, heifers, and fattened animals) NDE (rev) , NDE (cost) = column vectors of the number of discounted expressions connected with the revenues and costs, respectively (for details to the calculation of NDEs see Wolfova et al. 2005 ). An annual discount rate of 2.0% (2017) and 1.0% (2025) was applied to account for the delay between the animal birth and the time a trait influences revenues and costs in the life of individual cattle categories.
Revenues were from milk, fattened bulls, culled cows and heifers, sold calves, breeding heifers, and manure. The costs for feeding, housing, veterinary care, and breeding, as well as fixed costs (labour, energy, repairs, insurance, fuel, and overhead costs), were calculated for each category of animal considered in the model. Comparing the actual and predicted systems, the price per kg of sold animals remained almost the same, the milk price increased slightly by 10%, and the costs for https://doi.org/10.17221/44/2018-CJAS veterinary treatments, drugs, and disposing of culled animals increased by 10-20%. Subsidies were not considered in both alternatives due to the decoupling of supports from animal performance (thus having no impact on trait economic weights) and due to the uncertainty about its payment for the predicted system.
Marginal EWs for the 10 production and functional traits, which are currently included in the breeding objective for the Czech Holstein cattle, and for the new evaluated traits, including claw disease incidence (CLD) and residual feed intake (RFI), for the cows, heifers, and fattened animals, were calculated using the program EWDC (Wolf et al. 2013) . The lists of traits, for which the EWs were calculated, are given in Table 1 . The EW of each trait was defined as the partial derivative of the profit function from Eq. 1 with respect to that trait. The value of EW was expressed as a change in the present value of the profit/cow/year when increasing the trait mean by one unit. For the definition of the 10 traits presently included in the breeding objective and for the detailed description of the EW calculation, see Wolfova et al. (2007) .
The new trait, CLD incidence, was defined as the number of CLD cases/cow/year that were at risk. The details of the calculation of EW for the CLD incidence are given by Krupova et al. (2017) . The trait RFI was defined as the difference between the actual daily dry matter intake (DMI) of an animal and the daily DMI predicted for that animal based on its performance (i.e., on the basis of the animal live weights, weight gains, and milk production). To avoid double counting when calculating the EW traits, the impact of increasing the level of CLD or RFI on the other simultaneously evaluated breeding objective traits (e.g., on longevity, milk yield, mature weight) was not considered. The details about the calculation of EW for RFI can be found in Krupova et al. (2016) .
To compare the economic importance of breeding objective traits, which are measured in different units, the relative EWs of the traits (in %) were calculated. The relative EW of a trait expresses the percentage of the standardised EW for this trait (calculated by multiplying the marginal EW with the genetic standard deviation of the trait) from the sum of the standardised EWs of all the traits. The trait genetic standard deviations (Table 1) were estimated from the database of the CzechMoravian Breeders' Corporation or were based on the literature (van der Linde et al. 2010; Williams et al. 2011 ) when the relevant data for the local dairy population were not available.
Breeding objective and selection indices. Currently, 10 traits related to milk production, repro- In the present study, the CLD trait incidence and RFI for cows, heifers, and fattened animals was successively added to the breeding objective (together 14 traits) and to the selection criteria (totally 21 traits) to improve cow foot health and feed efficiency, respectively. The reliability of the estimated breeding values and the genetic correlations among the 21 selection criteria are given in Table 3 . These values were calculated from the database provided by the Czech and Moravian Breeders' Association or were taken from literature resources (Veerkamp 1995; van der Linde et al. 2010; Berry et al 2011; Buch et al. 2011; Williams et al. 2011; Zavadilova and Zink 2013; Hietala and Juga 2016; Novotny et al. 2017) . The impacts of including CLD incidence and RFI traits in the selection criteria on the genetic selection response for these traits and on the to- (Veerkamp 1995; van der Linde et al. 2010; Berry et al. 2011; Buch et al. 2011; Williams et al. 2011; Zavadilova and Zink 2013; Hietala and Juga 2016; Novotny et al. 2017) https://doi.org/10.17221/44/2018-CJAS tal economic selection response and index reliability were investigated in the four variants of SIH, namely (1) Current index -actual SIH of the breed without the new traits; (2) Health index -SIH, including the CLD incidence; (3) Feed index -SIH, including the RFI for cows, breeding heifers, and fattened animals; (4) Comprehensive SIH index -SIH, with the CLD incidence and the three RFI traits. Constructing the four selection indices, two sets of EW traits were used for weighting importance in the breeding objective. Indices with EWs were calculated for the actual production circumstances (in 2017) and depicted as A. Those with EWs calculated for the predicted circumstances (in 2025) were designated as P. The relative weight of the traits in the indices was either taken from the current SIH index (index 1), making space for the new traits (in indices 2-4), or were calculated using the general principles of the selection index theory, estimating trait weighting coefficients, which maximise the response in the breeding objective. The optimised selection indices are labelled as "o" in indices 1-4 for production circumstances A and P. For example, index 1A is the current SIH with EW traits calculated for the actual production circumstances and with the currently used weighting coefficients b in the index, while index 1Po is the current SIH index constructed with trait EWs for the predicted circumstances in which the weighting coefficients for the index traits were calculated by applying the selection index theory (optimised coefficients). The relative weightings of the new traits in the not optimised indices were 5%, 5%, 1%, and 1% for CLD and for the three traits of RFI, keeping the current relative ratios of the 10 primary traits.
Genetic selection responses in the breeding objective traits were calculated for each of the four selection paths, the sires of the bulls (SB), the sires of the cows (SC), the dam of the bulls (DB), and the dam of the cows (DC), assuming a selection intensity of 5%, 10%, 1%, and 90% and generation intervals of 7, 4, 3, and 4 years for the SB, SC, DB, and DC paths, respectively. The genetic response for a trait per selection path was calculated as a product of the selection intensity, the index accuracy, and the trait genetic standard deviation. The genetic response per year was then estimated by dividing the sum of the responses for the four selection paths by the sum of the four generation intervals. The economic responses in all the breeding objective traits were calculated by multiplying the genetic selection responses by the EW traits.
RESULTS
Trait economic weights. The marginal EWs of the breeding objective traits for Czech Holstein cattle under the actual (2017) and predicted scenarios (2025) are presented in Table 4 . The actual marginal EWs for the new traits were -100.1 € per case of CLD and -79.37, -37.05, and -6.33 € per kg daily DMI for the cows, breeding heifers, and fattened animals, respectively. The marginal EWs of these traits increased on average by 38% and by 20%, respectively, when the parameters predicted for the year 2025 were applied. The relative EWs of the traits (presented in Figure 1 ) remained almost the same (e.g., 2% and 7% for CLD incidence and for RFI across all cattle categories, respectively), except for the relative EW of the cow productive lifetime, which slightly decreased by 3 percentage points under the predicted conditions. Milk yield, milk components, conception rate, and productive lifetime remained the most important traits, covering from 80% (in 2017) to 81% (in 2025) of the total economic importance of all the evaluated traits.
Selection response. Genetic and economic selection responses calculated for the new traits and for the current breeding objective traits to the selection criteria specified in the evaluated selection indices are summarised in Table 4 . Because very similar genetic responses for all the traits were obtained in index variants 2-4 for the actual (A) and predicted (P) situations, only values for situation A are presented in Table 4 .
The genetic selection response of the new traits was favourable, varying from -0.005 to -0.009 in cases of CLD and from -0.001 to -0.006 kg of RFI per year, using the indices that included these new traits. As expected, the total economic selection response was always higher when applying optimised indices (with label "o" in Table 4 ) than when applying indices with the predefined actual weighting of traits. However, for the CLD incidence, a slightly higher response was calculated using the index with trait weightings equal to the actual ratios of the 10 original selection criteria and with 5% relative weight on the CLD inci-https://doi.org/10.17221/44/2018-CJAS dence (index 2A) than using the optimised index (index 2Ao). On the other hand, the use of the 3 and 4 optimised selection indices yielded higher selection responses for RFI traits than the use of indices with actual trait weighting and with 7% relative weight on all three RFI traits. Favourable genetic responses were also found for the current breeding objective traits, applying any variants of in indices 1-4, the new traits (RFI and CLD) were gradually added to breeding objective and to selection criteria, indices designated with A and P were calculated considering actual and predicted genetic parameters and trait EWs, respectively; because very similar GR for all traits were obtained in index variants 2-4 for A and P situation, only values for A situation are presented here; weighting of traits in the index variants labelled "o" were optimised to reach maximal economic selection response and index reliability. In index variants without "o", the trait weighting was set according to the trait ratio in the actual selection indices Table 1 https://doi.org/10.17221/44/2018-CJAS the evaluated selection indices. For example, using the comprehensive selection index and the current trait weighting ratios (index 4A), the milk yield per lactation can be increased by 73 kg, the milk fat content by 0.016%, and the milk protein content by 0.014% per year, retaining a favourable annual response in functional traits, such as 0.197% for the cow conception rate, -0.013% for calf losses, and 0.071 years for the cows productive lifetime. When optimising the trait weighting coefficients in the comprehensive index (index 4Ao), a reduction of the mature weight was reached (-0.543 kg per year), maintaining the positive selection response in milk yield (86 kg/year). The contribution of the main groups of selection criteria to the overall economic selection response in the breeding objective by applying specific selection indices is shown in Figure 2 . Among all 21 selection criteria in all indices, the milk yield, protein content, SCS, conception rate, and cow longevity were found to be the most important traits contributing to the overall economic selection response, from 77% (using the comprehensive index with optimised trait weighting ratios) to 90% (using the actual index with the current trait ratios). Both new traits in the indices, CLD incidence and RFI, contributed to the overall economic response, mostly from 2 to 3%, but the contribution of CLD to the overall selection response reached 12% when using the indices with the optimised trait weighting ratios (2Ao and 4Ao).
When constructing the optimised selection indices, the total economic response was higher in the comprehensive 14-trait SIH than in the actual 10-trait SIH (36.00 € using index 4Ao vs 35.43 € using index 1Ao). Similar tendencies were found when evaluating the index reliabilities.
DISCUSSION

Profit and marginal trait economic weights.
Generally, higher marginal EWs of all the evaluated traits were in the scenario predicted for the year 2025 than in the current scenario (2017), which was caused mainly by the higher total profit (185 € vs 11 € per cow per year). The positive profit without subsidies in both scenarios was reached due to the fact that most of the surplus calves (85%) were exported at 40 days of age with profit of +69 € per calf. Fattening of the bulls was unprofitable in the Czech Republic (losses of -250 € per bull were identified). This negative profit in fattening for the 6% of the calves in both scenarios caused a slight underestimation of the EW for calf losses. As stated by Wolfova et al. (2005) and Krupova et al. (2009) , for the correct economic evaluation of traits expressed in different cattle categories, the profit in all these categories should be positive. Economic results for further cattle groups were actually positive (e.g. 377 €/cow/year), which assured that the EWs of the key traits of the Holstein breed were connected with cow performances (e.g., milk yield, milk components, and especially functional traits as productive lifetime, conception rate, and calving interval) and were correctly estimated. By comparing the EWs of Czech Holstein cattle traits that were estimated in the former study by Wolfova et al. (2007) and those calculated here for the actual and predicted production circumstances, it can be stated that the economic importance of the breeding objective traits is stable and sustainable long-term.
Regarding the new traits, the negative economic values for CLD incidence and RFI indicate that increase in the mean value for these traits is economically unfavourable. The negative value of EW for CLD resulted from economic losses due to discarded milk and from the additional costs related to treatment and medication. Similarly, increase in the mean RFI led to increased feeding costs of milk and meat productions, remaining at the same level. Marginal EW of CLD incidence calculated here was generally lower compared to the literature estimates. Higher EWs (ranging from -155 to -188 € per case) than in our study (-100 to -138 € per case) were calculated for Holstein and Red dairy cattle farmed in Nordic countries (Kargo et al. 2014) . The higher veterinary costs (75 to 90 € per case) and longer veterinarian time (1.43 to 1.87 h) spent per case in these countries in comparison with those variables in the Czech Republic are the main reason for this difference. In contrast, the EW for the feed efficiency in Czech Holstein cows (-79.4 € per kg DM intake/day) was slightly higher than that found for Slovak Pinzgau (-55.2 €) (Krupova et al. 2016) or for Finnish dairy cattle (-55.8 €) (Hietala et al. 2014) . The reason for this difference could be the higher prices of feed, which were 0.103 €/kg in the Czech Republic vs 0.055 and 0.060 €/kg in the Slovak Republic and in Finland, respectively. The large difference in the marginal EW of RFI for the fattened animals (-6.33 € in our study vs -29.5 € by Hietala et al. (2014) ) was caused by differences in the number of fattened animals per year in these studies (6 animals in our study vs 55 animals by Hietala et al. 2014 per 100 cows).
The marginal EWs for the 10 actual breeding objective traits were ranked from -115.4 € (per case of clinical mastitis, CM) to 406.0 € (per % of milk protein). Compared with the previously calculated EWs of these traits (Wolfova et al. 2007) , the EW of the CM incidence increased on average by 53 €/case/cow/year. The higher actual EW of mastitis reflects the increase in costs for drugs and veterinary care (e.g., cost for veterinary treatment per cow per lactation increased from 43 € in 2005 to 87 € in 2017) and the higher milk losses per mastitis case due to the higher milk yield per cow in the past several years in the Czech Republic (7200 kg in 2005 vs 9500 kg in 2017). Slightly higher economic impact of CM incidence (205 $/ one case/lactation) found for Spanish dairy population (Perez-Cabal et al. 2009 ) was based on the higher milk yield (10 441 kg per lactation).
The relative EWs of evaluated traits calculated for actual and for predicted scenario were similar due to comparable changes in the marginal EWs of evaluated traits (+23% on average) between studied scenarios. When comparing the relative EWs of traits estimated for the predicted situation in 2015 (Wolfova et al. 2007 ) and the current estimates for 2017, a different number of traits in both studies should be considered. Nevertheless, the four most important traits remained the same in both years, namely, the milk yield, milk fat, protein contents, and cow productive lifetime. The relative importance of these four traits estimated by Wolfova et al. (2007) was 51%, 14%, 20%, 15%, and in our study 37%, 20%, 22%, 22% for milk yield, milk fat, protein content, and cow longevity, respectively.
The relative EW of CLD seems to be low (1%), but due to the genetic correlation of CLD with milk and other traits, the contribution of the CLD incidence as a selection criterion in the comprehensive optimised index to the total economic selection response could reach 12% (see Figure 2) . Some authors, e.g., van der Linde et al. (2010) or Krupova et al. (2017) , recommended including this trait in breeding objectives and selection criteria to improve claw health. Summing the relative EWs of the RFI across all the animal categories, the relative importance of RFI reached 7%, which is similar to the relative weights of RFI, from 6 to 8% estimated by Hietala et al. (2014) for Finnish dairy cattle.
Selection response for CLD and RFI traits. Comparing the annual selection response for the CLD incidence calculated in our study with estimates published in the literature, the selection criteria used to improve the CLD by different authors had to be considered. Koenig et al. (2005) calculated the selection response for the CLD of -0.041 and -0.124 cases per generation using selection indices for the Holstein breed in Germany, which were based on the foot angle and on the foot angle and https://doi.org/10.17221/44/2018-CJAS sole ulcer as information sources, respectively. Supposing an average generation interval of 5 years, the corresponding annual selection response would be -0.008 and -0.025 cases/cow/year, which is close to our results (average annual response -0.006 cases). According to van der Linde et al. (2010) , the prevalence of various claw disease traits was reduced by -0.0% to -0.5% when applying the selection on a Dutch claw index without CLD traits, but by -0.1% to -0.7% when the CLD traits were included in the index. Transferring the percentage expression to the number of cases of the appropriate CLD, their calculated genetic gain was also close to our findings. When comparing our results with the former pilot study oriented to CLD just as a part of sub-index "Legs" (Krupova et al. 2016 ) the selection response was reduced to 20% on average due to the more comprehensive approach (inclusion of all traits in breeding objective and selection index). Nevertheless, this response is still favourable with keeping the appropriate selection response in other traits included into the consideration.
The CLD incidence, defined in our study as the incidence of different claw illnesses, can be replaced by the individual claw health traits in the future. Evaluation of these traits is now ongoing to investigate the actual status and to design the most appropriate solution for genetic evaluation in the dairy cattle breeds in the Czech Republic (Kasna et al. 2017) . The prevalence of individual health disorders changes during the cow's life (van der Linde et al. 2010; Kasna et al. 2017 ); therefore, a reference to specific traits seems to be favourable for genetic improvement and economic consequences of selection process. As stated by van der Linde et al. (2010) , the CLD incidence as a composite trait cannot replace specific claw health traits in the index without losing a substantial amount of information.
The estimated annual genetic selection response in RFI traits calculated in our study (on average -0.008 kg of DM in cows, heifers, and bulls per cow per year) promises the possibility of improving the feed efficiency with maintaining favourable genetic gain in the current breeding objective traits in the Czech Holstein breed. This genetic response complies on average with the economic response of 0.49 € per year. As noted by Connor (2015) , it should, however, be considered that including the RFI traits in the selection criteria will result in higher costs for performance testing and that individual data of such traits will be of limited availability. Regardless of this fact, some authors, e.g., GonzalezRecio et al. (2014) and Hietala and Juga (2016) , recommended comprehensive selection indices which would include RFI traits simultaneously with other production and functional traits. Using these indices, the mentioned authors published favourable selection responses for RFI traits. We suppose that the economic benefit of the inclusion of feed efficiency traits into current breeding objectives and selection criteria for Holstein cattle could still overcome the challenge of additional testing costs. However, the economic evaluation of the appropriate breeding programme, which would include RFI traits, should first be proven.
CONCLUSION
The economic weights of traits in the current breeding objective and of the four new traits, characterising claw health and feed efficiency, reflect the actual economic situation but are also representative of the long-time breeding goals of Czech Holstein cattle. Claw health and feed efficiency should be defined as new breeding objectives and new selection index traits of local dairy population. Further improvement of the health status of cow herds and effective utilisation of feeds meets the trends in the reduction of greenhouse emissions. The general construction of the bio-economic model predisposes it to be widely applied when calculating the economic weights for various traits and populations. Further studies should be oriented to optimise and evaluate a breeding programme that would consider the direct traits characterising claw health and feed efficiency.
